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ULTRASONIC MODELING OF LUNAR
APPROACH OF THE LUNAR EXCURSION MODULE

By
H. S. Hayre, F. Boyd & A. Tong

ABSTRACT
This report covers the ultrasonic system modeling
of the LEM system and the lunar surface for three
possible landing areas, P-6, P-8 and P-1l1l selected
from Orbitexr II data, as agreed to between Mr. R. Broderick
and Pat Rozas of NASA - Manned Spacecraft Center, and

Dr. H. S. Hayre of the University of Houston.



Modeling Factors for Ultrasonic
Simulation of LEM Landing Trajectory

The modeling scheme presented in this report is based
on complex nonlinear ultrasonic scaling of radar system
parameters. In short, this means distances, antenna
velocities and frequencies may be selected independently
in accordance with the size of the ultrasonic simulation
facility, whereas other parameters such as doppler freguency,
wavelength, time delay, etc., are then specifiaed in terms of
the previously specified parameters.

The transducers to be used in the simulation are piezo-
electric type and are designed to operate around a center
frequency on 1 MHZ. The velocity beams of the LEM radar
operate at 10.5 GHZ. The ratio of radar frequency to the
ultrasonic frequency of one megacycle/second gives the
frequency scale factor, f,. This, and other factors are
listed in Table I.

In order to simulate the large lunar distances properly,
two or three maodel surfaces are being prepared for each site
as discussed in the later sections of this report. Each
model surface will be 10-12 feet in length and 4 feet in
width. Each model surface represents the area traversed
by radar beams during different sections of the LEM trajectory.
One of the models represents the lunar surface within half
of the probability ellipse for that site while the others




TABLE I

SCALE FACTORS USED IN LUNAR SIMULATION

PARAMETER IN AIR IN WATER SCALE FACTOR
Frequency 10.5 GHZ 1 MEZ £ 10.5 X 10°
12950 Ft. 12 Ft. rs,=1080
Distance 164050 Ft. 24 Ft. rag=6850
velocity of 8 3 - 5
Propagation 3X10" m/sec.{ 1.5 X 10 m/sec. (:8 2 X 10




will represent the lunar surface along the approach to the
ellipse. The probability ellipses are 7.9 KM along the
East-West direction. Therefore, the distance scale factor
rg, for this portion of the lunar surface is the ratio of
7.9 km/2 = 12,950 feet to 12 feet, listed in Table I.

When the LEM is at an altitude of 25,000 feet above
the lunar surface, the distance to the landing site is
177,000 feet. After scaling the portion of the surface
within the landing ellipse, there remains 164,050 feet of
the total approach path. This remaining distance is scaled
to 24 feet which is equivalent to two 12 foot models or one
12 foot model with double strip each to be traversed in the
two consecutive runs. The disfance scale factor along the
approach ig the ratio of 164,050 to 24. This produces the
scale factor rg,.

In addition to the frequency and distance scale
factors, the scale factor for the velocity of propagation
C, is defined as the ratio of the velocity of light in air
to the velocity of sound in water. Table I shows this and
all other scale factors used in this study. -

The primary consideration in selecting simulated
antenna velocities are the maximum and minimum velocities
which may be obtained by the primary (longitudinal) and

secondary lcross) carriages of the acoustic facility used

to position the transducers with reapect to the simulated
lunar surface. Simulation velocities are also limited

by the size of the water tank.



The velocity scale factors were so chosen as to limit
all simulated velocity variations to lie between the two
extremes dictated by such physical limitations. Because
three different component surface models are expected to
be used for each site, three velocity scale factors,

Vg, = 1.56 x 103 for the simulated ellipse area, Vg, = 6 x 103
for velocities at upper altitudes of the approach as shown
in Table I. |

These scale factors and the coordinate system shown
in the diagram below were used to scale diffexent LEM radar
parameters such as distance, velocity, acceleration and
(approximate) time measured from the startin§ point used
as a reference are given in Table II. All unprimed param-
eters correspond to the landing radar while the primed
ones indicate the scaled parameters.

Diagram of coordinates for parameters in Table IX.
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MODEL 2 ~ RUN 2

X X' Y Y Vx vy Vy. vy
95K 0 17.95k | 2.62 | 1225 | .1225 | 125 | .0125
100K .70 | 18.4K. | 2.69 | 1300 | .13 | 130 | .0130
107.5K 1.80 | 19.2 2.80 | 1396 | .14 134 | .0134
125K 4.40 | 20.8 3.04 | 1650 | .165 141 | .0141
150K 8.00 | 23.0 3.36 | 1820 | .182 145 | .0145
177K 12.00 | 25.0 3.65 | 2020 | .202 147 | .0147
Ay LA Wy Wy Ly oy t
14.0 | 1.43
1.36x10~3 | .91x10~4 16.3x10~3 | 1.09%10~3 | 5.5
14.9 | 1.49 |
1.23x10~3 | .49x10—4 14.8x10-3 | .59x10°3 8.1
16.1 | 1.54
1.47x10-3 | .41x10-4 17.6x10~3 | .49x10~3 17.0
18.9 | 1.62 _
.82x10-3. | .19x10-4 9.8x10-3 .23x103 20.8
20.9 | 1.66 S |
<96x10=3 .096x10~4 11.5x20-3 | .115x10~3 | 20.8
23.2 | 1.69
E
72




The doppler frequencies at all points have not as yet
been determined. If V{, V) and V} represent the velocities
along the velocity beams and Vg, v; the horizontal and
vertical components of wvelocity, then '

vy = v, - r'zv;

vy = vy + gV
where the“are constants for a given pitch angle. The
doppler frequencies along the beams are related to these
velocities by

s
fp, = o= 2av [V + [avy]

L

g5, = 2o [Mavi - /ovy]

Preliminary calculations indicate these frequencies will
lie between 0 and 150 HZ for all points along the simulated

trajectory.
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LUNAR SURFACE MODELING

The LEM radar bezm covers a distance of 177,000 feet on
the lunar surface during its f£final journey. It approaches
from the east and is expected to land on a pre-selected prob-
ability ellipse with major and minor axes of 7.9 and 5.3 km

respectively as shown below.

Out extremeties of Landing Zone
depending on the time of landing

177,000 feet - 4,

It is assumesd that the vehicle is going to land near the
center of the landing ellipse and that more detailed data is
necessary for this area. Therefore, scale models are designed
for the ellipses, while the rest of the approaching track is

simulated at smaller scale.



The lunar surface roughness is assumed to be composed of

a random component §R and a morxe or le2ss recurrent componsnt

5, .

Random roughness :
<-§R> = 0
The criterion for roughness for vertical incidencs is
—%"' = ,125 for vertical incidence [Hayre 1962]

The recurrent component of surface roughness flo is made up of
craters , crater rims, and hills as shown below by one typical

geguent of it

Crater

}’—D —4 J."— Q,h]"" b‘"z '0("'>
pad
hp

wrRee <0.\7 2 3a.mcl.<b7 = 30
—/\M___

Sun elevation: 28.1° N area = 358 K2 ftz

= 32.9 K% p?

2.18% N_

7.3 0 \}
@ " m e e . e et aee mm - ,_.__’E

S —— e

~r— e
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Site IX p-8

Sun elevaticn:

27.80

Significant Bazards

Scale:

1080:1

(x)x 3281

1080
(lom) x 3.281 x 12

= 2,03 ft/Km

1080

| —b E

Area = 358K2ft2

= 32.9K%me

= ,363 in/10m

’ Deﬁth Diameter| Mean hs h2 Number ;| Area %'Area?
" 19m | 5lm 17m 1
iSm | 1.85" 62" 1
35m | 95m 31.7m 1
3.44" 1.14"
4T | 118m 3%m 1 :
4.25" 1.4" 33
T4m | 200m 67m 67m 1 .
| 7.3" 2,43" L2437 . |
“Others . |
11.4m—22.8m | 17.2 | .12"—>,275" | ,012%,0275" | 11,632 2.56%3m4 1 8
.41%— 825" | .62°
N o ! ' 'ﬂ.‘ :
22.8m->34.2m } 28.5 | ,275%—. 417 | (02T5—>. 041" 610 gaézﬁﬁg .08
.825%51,24% |1.03"
. 34.2n~~45.6m |29.9 | .417—>.55" | (0413, 5557 215 L266%% L 6%
1&24"""»1@66" loésn




Site II Pp-11

Sun Rlevation 28°

Area = 358K2ft2

32.9%2m2

Significant Razards

Scale 1080:1

(KM) x 3281

1080

(10m) x 3,281 x 12

1080

= 3,03 ft/Km

= ,363 in/l0m

Depgh Diameter Maan h, hy Number| Azea |% Area
66m 180m 60m 6m 1 ”
2.4" 6.5" 2.18° .218"

Others - )

11.4m—>22.8m| 17.1m |.12"—.275" | .012%>,0275" | 8840 |2K2m? | 6.1%
41" 825" | 62" o o
22.8m —34.2m | 28.5n | .275"—.41" | .0275%>.041" | 324 .21k2 L648
.825%>1,24" | 1.03" e
34.2m—45.6m | 38.9m |.41%>.55" | .041°%—.055" | 139 |.1ek? | .3s%
1.24">1.66" | 1,45"




Further study of the elliptical landing zone and its
modeling suggests that Sites P II-6 and P II-1l1 approach
areas be modeled on separate portions on the same 4' x 12°'

frame without their respective features overlapping throughout

the entire radar beam coverage.

Q —
PII-l [—— — — — — — — — > — — — — — —

PIXelll— — — —~ — e o= e e - .....Q_ — — —

The significant hazards within the elliptical sites will
be modeled using linear scale factor techniques whereas the
other smaller craters with their size and location randomly
distributed over the entire model plane will be modeled with

similar distribution of protuberances in a random fashion.

Approaching Radar Track

The approach zones which extend approximately 164,050 feet
are simulated br two sections, each 82,025 feet in length, and

modeled by 4' x 12°' surface each, as shown below..

Scale: 6850:1




A close study of the medium resolution pictures of the
three selected sites indicates that Sites P II-6 and P 1I-8
should be modeled on the same plana. Since the rouwghness of
the sections A and B of these two sites are dotted sections
by craters while site P II-1l is hilly. Therefore Site P 1X-11
has to be modsled separately.

A & B Section 12° Sgnle: 6850:1
P 11-6lA0— — QO &)l (o) x 3281 | oo
P II-8}— — — -— — — — — — | (lom) x 3.281 x 12 _
P II-6 Hazards
~ Depth Diameter h, ko
A. 4lm 112m 37m 3.7n
235" .64" .21" .021°
B. S5em 148m 43m 4.9m
.31" .85" .28" .028"
C. 106m 280m 96.5m | 9.65m
61" 1.6" .55" | .055"
D. 138m 375m 125m | 12.5m
.79" 2.15" .72 .072*
P”II—B Hazards
E. 105m 285m 95m 9.5m
.6" 1.63" .54" .054"

in/10M



B Section of P II-11l

) 111],
a QQ c
bQ _
a°
£
g pIin
Site P II-11 Hazards Scale €850:1
o T ot |5 - .48 ft/Fn
o .057 in/10m
A, 47m 128m 42.5m | 4.25
21" .73 .24% | .024"
.28 L7 .26" .026" G. 26lm 1.5"
C. 69m 186m 62.5m | 6.25m H, 286m 1.64"
.385* | 1.07* | .3s6" | .036" I. 320m 1.83"
D. 7ém 213m m | 7.1m
.45" 1.22" 4" 04"
E... 94m 256m 85m | 8.5m
554' 1.47. .49. .05.
F. 133m 360m 120m | 12m
76" 2.06" .69" | .07"



SIGNIFICANT HAZARDS

Depth Diameter hl hz Number
24m 65.5m 21.7m 2.17m
l
87" 2.18" .73" .073"
74m 200m 67m 6.7m
1
2.68" 7.3" 2.43" .243"7
OTHER CRATERS _
Dimmeter Mean hy hé INumber| Area iifQAréé';f
11;~4m—~22.8m 17.1m _ - |5345 1.23K2m2 3.75% g
- o41"——> 828" | 82" | _.12"— 275" .012"-—, 02755 '
22.8m—+34.2m |28.5m {289 |-2k%m 6% |
.825%—1.24" [1.03" [.275%.41" |.0275"—.041% ool
34.2m—45.6m |39.9m R .115K%m2 | 358
1.24"—1.66" |1.45% |.417—.55" | .041%5.055" ”
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